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Abstract 
This work presents different hybrid energy scenarios for local electricity supply in Fernando de Noronha 
Archipelago-Brazil. One considers different generating solutions for energy systems ranging from totally fossil fuel 
based to all renewable sources. The scenarios are constructed using local database measurements; real equipment data 
and a micro-grid hybrid system modeling (using HOMER Software). The modeling and simulation consider the 
evaluation of different sizes and quantities of energetic components and the variation in the availability of the natural 
resources (wind and solar). A Hybrid solution with 67% participation of renewable energy was found feasible for the 
island and the impact of changing the local vehicle fleet from combustion to electric traction was also addressed.  
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1. Introduction 
The sustainability and necessity for cleaning the local island energy matrices, assuring the local 
demands, are leading the society to use and improve hybrid energy systems for insular remote 
communities. The renewable energy solutions are suitable for remote insular places taking into account 
the logistics of transportation and high costs for fuel fossil supply[1], [2], [6]. Afterward, most of 
communities could not be easily integrated in the main electricity grids and local generation solutions 
have to be provided.  
Hybrid energy systems are the combination of fossil fuel and different renewable generation. With the 
rapid development of photovoltaic (PV), wind turbine and battery technologies, hybrid energy system has 
received increasing attention as an alternative to conventional systems [3]. Many studies have been 
conducted regarding the feasibility of hybrid systems in remote places. In a rural village in Algeria [4] it 
was reported that the introducing of wind turbines reduces 40% the emission of greenhouse gases.  
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Besides that, another study conducted in Saudi Arabia [5] using photovoltaic, wind and diesel 
combination reduces in 5 tons of greenhouse effects emissions per year and saves 3 million dollars on 
carbon credits. In the island of St Martin (Bangladesh) [6] the more feasible system includes photovoltaic 
panels and shows that only if the wind speed is up to 3,6 m/s or if the diesel cost increases to 75$/lt or 
higher, the wind energy will be feasible. All of those studies have highlighted the importance of the use of 
hybrid systems (Solar-PV-Diesel) in terms of cost and sustainability. The hybridization can assure the 
local demand for electricity and insert a great parcel for renewable sources. 
Fernando de Noronha is formed by 21 islands.The main island has 17.6 km² and is situated at four 
degrees below the Equator line, in the coordinates 3.54 South and 32.25 West, distant 545 km from 
Recife-Brazil. United Nations granted to this archipelago the titles of Biosphere Reserve of the Atlantic 
Rainforest and World Natural Heritage Site but all electricity generation is based on fossil fuels, causing a 
big concern to the administration of the island and a willing to change this status quo. 
Timely, in the main island where the demand for electricity is needed, five-diesel generators  (2 x 900 
kVA, 1 x 1200 kVA and 2 x 600 kVA) supply a consumption of 380 thousand diesel liters per month.  
The substitution of the fossil fuel used in the island is the aim of the present work, building several hybrid 
energy scenarios and choosing the better combination of clean energy sources and net present cost. The 
scenarios will comprise systems starting from totally fossil fuel based to all renewable ones. Also, the 
best feasible scenario will be studied with an introduction of electric vehicles in the local energy matrix.  
2. Methodology 
The methodology used in the present paper comprises three components: simulation, optimization and 
sensitive analysis of the hybrid systems. The simulation verifies the technical viability and the costs in the 
entire life cycle. The optimization ranks the feasible systems by the lowest total net present cost. Finally, 
the sensitive analysis is a way to study graphically the impacts of the entry data in the final system result. 
All modeling and optimization tools are implemented in the HOMER software[7].  
2.1. Simulation 
In the simulation process, the behavior of the different power systems is computed for each hour of 
the day to determine the technical feasibility for each combination of micro-power systems. The profile of 
the load variation is needed, as well as the estimation of renewable resources (wind, insolation, water, 
biomass, fossil fuel). A modeling approach for different conversion systems are considered. The results 
accounts dispatched energy, costs and carbon emissions. 
The load is the electrical demand that the power system must meet at a specific time. This load is 
associated to the lighting system, domestic and commercial equipment, household appliances, etc. A 
typical day was simulated and this daily load is considered constant throughout the year. No deferrable or 
thermal load was considered in this case. All data related to the electricity load on island is obtained using 
the local database registered during the last five years.  No seasonal variations are relevant for the case. 
 
Full Diesel System  
Firstly, the installed diesel-generators system was simulated. The results were used as baseline to cost 
and carbon emissions evaluation, and, the numerical results were checked to agree to the existing real 
operating database. The main model parameters for the electrical-generators had considered its maximum 
and minimum electrical power output, its expected lifetime (hours) and its consuming fuel curve. The 
model assumes a linear fuel consumption x power curve. By this way, given a local electricity demand, 
the diesel-generator model estimates the fuel consumption and consequently the costs and emissions.  
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Hybrid PV (Diesel-PV)  
The second system includes de PV array that is simulated as a device that produces DC electricity in 
direct proportion to the incident global solar radiation. The typical efficiency curves of the solar panels 
and inverters are used, as well as the effects for the losses in a centralized on-grid solar power plant. 
Incident global radiation is calculated for each hour of the year by HDKR model [8].  No effects of 
temperature are taken into account, considering the small variations of local temperature. A mean PV-
panel efficiency value is considered. In the operation of the hybrid system the diesel generators 
complement always the electricity demand, dispatching priority the PV power plant converted energy, 
mainly during daylights.  
 
Hybrid Diesel-PV-Wind 
The wind turbine system is modeled considering a direct conversion of the wind kinetic energy into 
AC electricity using a particular power curve, which is a graph of power output versus wind speed at hub 
height. Each hour, the power output of the wind turbine is calculated using the estimation of the wind 
speed based in the local statistics (mean value and Weibull distribution parameters). The wind energy is 
completely dispatched to the grid. 
 
Hybrid PV-Wind -Battery (Diesel, PV, Wind Turbine plus battery storage system) 
The last component to be included in the simulation is the battery storage system. It is modeled as a 
device capable of storing a certain amount of DC electricity at a fixed round-trip energy efficiency, with 
limits as to how quickly it can be charged or discharged, how deeply it can be discharged without causing 
damage, and how much energy can cycle through it before it needs replacement using the kinetic battery 
model [9]. A partial backup system is considered, and for further analysis it can be replaced partially by 
the batteries of electrical vehicles considering a smart grid application.  
2.2. Optimization and Sensitive Analysis 
In the optimization process, the model simulates the various configurations of the system: Number of 
solar panels, wind turbines and size of the backup storage system. This approaches and suggests the 
single most technically feasible, considering both the engineering aspects and economic factors.  
The optimized system is chosen by the less Net Present Cost with zero percentage of capacity 
shortage. This quantity includes the initial cost, replacements cost, maintenance costs, fuel costs and 
penalty costs. Making a lot of different types of optimization varying entry data is called sensitive 
analysis. This approach is used when you want to understand how a determinate entry data impacts the 
total cost.  
3. Results and discussion  
3.1. Optimized hybrid energy system  
Firstly an optimized hybrid energy system is obtained considering the use of the existing diesel-
generators, a solar-PV with modules of 200 kWp without tracking and wind turbines of 250 kW. A 
configuration with a storage system using batteries with Sodium Nickel technology is also considered. 
The figure 1 indicates that although the substantial initial capital necessary for the Hybrid Sun-Wind-
Battery 2 system, it uses less than a half of diesel litters than the Hybrid Sun-Wind-Battery 1. Besides that 
it saves more than 3 million dollars a year due to the high price of diesel for the island mainly because of 
its costly supply, done exclusively by sea transportation.  
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Simulations also shown that this Hybrid Sun-Wind-Battery 2 system has 30% less net present cost 
than the diesel based one and has 51% of renewable energy participation and its price is 0.47 $/kW. 
Taking this result, the study was conducted to obtain as more renewable energy as possible. Some of the 
Scenarios found can be seen  in figure 2. 
 
   
Fig.1. Hybrid Systems Simulation 
 
 
Fig. 2. Hybrid Systems Optimization 
The Figure 2 also shows that operational cost and consumed diesel decrease almost linearly from 
Hybrid 51% to 67%. The initial capital increases from 58% to 67% due the necessity of acquisition of 
more wind turbines however the net present cost reduces 3 million dollars at the same time. The table 1 
shows the quantity and power of equipment used in the simulations.  
Table 1. Equipment used on the simulation  
Modeled Systems Diesel (kW) PV (kW) Wind (kW) Converter (kW) Battery (nr) 
Hybrid 51% 4.200 2.000 1.500 2.000 128 
Hybrid 58% 4.200 0 3.000 2.000 128 
Hybrid 67% 4.200 0 4.500 2.000 128 
Hybrid 100% 0 1.800 4.750 2.000 128 
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It is possible to see in table 1 that the most advantageous system does not use photovoltaic modules 
owing to a junction of two factors: the great amount of high speed wind availability in Fernando de 
Noronha and the high costs of photovoltaic modules in Brazil. This impact can be observed on Figure 3 
that was obtained in a sensitive analysis using HOMER Software.  
 
 
Fig. 3. Sensitive Analysis of Photovoltaic panels and Diesel costs 
The white part of the chart shows the systems including photovoltaic panels although the dark part 
shows hybrid systems without it. It is possible to infer that if the photovoltaic panels reduce its costs in 
35%, the system including them will become feasible for any diesel price. Otherwise, if the diesel price 
goes above 2.1 dollars per liter, if photovoltaic panels cost drop by 30%, the system will become feasible. 
So, if the same polices applied for wind turbines in 2011 in Brazil that drop the prices almost 50% 
where applied to photovoltaic panels, Fernando de Noronha could have a system with more than 67% 
renewable energy participation or even 100% due to the high solar radiation available all the year.  
3.2. Optimized hybrid energy system with Electric Vehicles 
Although the price of gasoline is very high in Fernando de Noronha (50% more than in Brazilian 
continental) the increase of internal combustion (IC) engine vehicles is a very serious problem in the 
island. Only from 1990 to 2007 it has grown 600%. Today they have registered 991 IC engine vehicles 
and in comparison with others islands of similar size (Nauru and Tuvalu, for instance [13]). The 
conventional vehicle fleet in the island is an environmental and logistic problem taken into account the 
particular characteristics of environmental conservation in the archipelago. 
The use of electrical vehicles in Fernando de Noronha is nowadays a planned strategy to enhance the 
sustainability in the island. In a small road net (only 6 km, each car makes this path four times a day (24 
km) and the consumption of batteries for this path is 4 kWh, the total electric consumption is 3.47 MWh, 
only 8.7% of the total island energy consumption.  
 Table 2. Comparison between the optimized hybrid energy system with and without electric cars 
 Initial 
Capital (k$) 
Operational 
Cost (k$) 
Total 
NPC (k$) 
COE 
($/kW) 
Renewable 
fraction 
Diesel 
(kLt) 
Optimized hybrid 
energy system 
19.157,00 4.147,80 63.814,70 0,37 0,67 1.787,04 
Optimized hybrid energy 
system with electric cars 
20.665,00 4.542,72 69.574,62 0,38 0,66 1.954,04 
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The table 2 presents the comparison between the optimized hybrid energy system with and without 
electric cars. The initial capital increases due to the necessity of buying another 200 kW and 42 new 
batteries and this directly impacts in the NPC and COE. Furthermore, there is a subtle decrease of the 
renewable fraction of renewables caused by an increment of diesel oil consumption by the generators.  
However, each car emits near 2 tons of CO2 per year in a regular path, even if we increases the diesel 
burning inside diesel generator, we have less emission of CO2 in the entire system, because they are more 
efficient. As a result, using electric cars, emissions goes from 6.5 thousand to 5 thousand tons. Besides 
that, using the electric cars batteries to give back energy to the system, the initial investment drops 14 
million dollars, changing entirely table 2 and making this system not only clean but also economic viable.   
4. Conclusions  
Although the high prices of renewable energy in Brazil, using real measuring data and real equipment 
combined to implementation in HOMER Software it is highlighted to be totally feasible a hybrid system 
with 67% of renewable energy participation for the main island in the archipelago. 
This optimized found system decreases 70% the emission of greenhouse gases and reduces in 6 
million the annual operational costs. Besides that, no instability problems were detected inside the grid 
with this percentage of renewable energy.  Furthermore, using electric cars in the island we can reduce at 
least 1.5 thousand tons on CO2 emission and up to 14 million dollars in the initial investment cost. In this 
approach the car´s battery will be used as energy buffers integrating mobility logistics and grid resources 
making Fernando de Noronha also a paradise for testing and implementing smart grid technologies.  
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